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Abstract

Background: Studies have identified that the telomerase reverse transcriptase
(TERT) gene polymorphism rs10069690 (C>T) is associated with cancer risk, but
the results remain inconclusive.

Methods: To provide a more precise estimation of the relationship, we performed
a meta-analysis of 45 published studies including 329,035 cases and 730,940 con-
trols. We conducted a search in PubMed, Google Scholar and Web of Science to
select studies on the association between rs10069690 and cancer risk. Stratification
by ethnicity, cancer type, cancers’ classification, source of control, sample size, and
genotype method was used to explore the source of heterogeneity. The pooled odds
ratios (ORs) and corresponding 95% confidence intervals (CIs) were evaluated using
random effects models. Sensitivity, publication bias, false-positive report probability
(FPRP) and statistical power were also assessed.

Results: The result demonstrated that rs10069690 was significantly associated with
an increased risk of cancer overall (OR = 1.09, 95% CI: 1.06-1.12, p < .001) under
the allele model. Stratification analysis revealed an increased cancer risk in sub-
groups of breast cancer, ovarian cancer, lung cancer, thyroid cancer, and renal cell
carcinoma (RCC). However, a significantly decreased association was observed
in pancreatic cancer in the European population (OR = 0.93,95% CI: 0.87-0.99,
p = .031). In the subgroup analysis based on cancer type, no significant association
was found in prostate cancer, leukemia, colorectal cancer and glioma.

Conclusions: This meta-analysis suggested that the TERT rs10069690 polymor-
phism may be a risk factor for cancer, especially breast cancer, ovarian cancer, lung
cancer, thyroid cancer, and RCC. Further functional studies are warranted to reveal

the role of the polymorphism in carcinogenesis.
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1 | INTRODUCTION

Cancer is one of the leading causes of human death world-
wide and constitutes an enormous burden on the society in
both economically developed and developing countries (Are
et al., 2013). Based on GLOBOCAN estimates, about 18.1
million newly diagnosed cancer patients and 9.6 cancer mil-
lion deaths occurred in 2018 worldwide (Bray et al., 2018).
The mechanism of occurrence and development of cancer
remains unclear. People generally agree that a complex in-
teraction between genetic and environmental factors may
contribute to cancer development. Recently, genome-wide
association studies (GWAS) have demonstrated that single
nucleotide polymorphisms (SNPs) in Chromosome 5p15.33,
which is a crucial genomic region for telomere biology and
contains two well-known genes: telomerase reverse tran-
scriptase (TERT) and cleft lip and palate transmembrane
1-like (CLPTMI1L), are significantly associated with cancer
risk (Bojesen et al., 2013; Haiman et al., 2011; Rafnar et al.,
2009; Wolpin et al., 2014).

Telomeres consisting of TTAGGG repeats are spe-
cialized structures at the end of eukaryotic chromosomes
that protect chromosomes from degradation, end-to-end
fusion, and atypical recombination; thus, telomeres are
crucial in maintaining chromosome integrity and genomic
stability (Blackburn, 2005). Telomere length is maintained
by telomerase, a ribonucleoprotein enzyme that adds the
telomeric repeat sequence directly to the single-strand 3’
overhang to maintain telomere ends that have been in-
crementally shortened by each cell division (Collins &
Mitchell, 2002). The expression of telomerase is extremely
low in most normal human somatic cells, but is present in
over 90% of human malignancies. As the catalytic subunit
of telomerase, TERT is the most important determinant
in the regulation of telomerase expression (Zhang et al.,
2000).

TERT, located on the short (p) arm of chromosome 5
at position 15.33 (5p15.33), encodes a catalytic subunit of
telomerase and exerts a pivotal role in the maintenance of
telomere DNA length and carcinogenesis. Mutations in the
coding regions of TERT can affect telomerase activity and
telomere length, and generate severe clinical phenotypes,
including a substantive increase in cancer frequency (Baird,
2010). Previous studies have demonstrated that rs10069690
(C>T) polymorphism in the TERT is associated with sus-
ceptibility to multiple types of cancer, such as breast cancer
(Bojesen et al., 2013; Haiman et al., 2011; Huo et al., 2016;
Michailidou et al., 2015, 2017), ovarian cancer (Bojesen et
al., 2013; Earp et al., 2016; Kuchenbaecker et al., 2015; Lee
et al., 2016; Phelan et al., 2017), lung cancer (Landi et al.,
2009; Ye et al., 2017), and thyroid cancer (Gong et al., 2016;
Gudmundsson et al., 2017). However, studies have yet to
reach a consensus.

Meanwhile, a single study might have been underpow-
ered to detect the overall effects. A quantitative synthesis
of the accumulated data from different studies is important
to provide evidence on the association of rs10069690 poly-
morphism with cancer risk. Therefore, in this study, we per-
formed a comprehensive meta-analysis including the latest
and relevant articles to explore the association between the
TERT rs10069690 polymorphism and cancer risk.

2 | METHODS

2.1 | Search strategy

According to the Meta-analysis of Observational Studies in
Epidemiology guidelines, we performed a systematic litera-
ture search on PubMed, Google Scholar, Embase, Web of
Science, China national knowledge infrastructure (CNKI)
and Wan fang electronic databases and sample size limita-
tions covering all publications regarding the association
between TERT polymorphisms and cancer susceptibility
up to the end of May 2019. The search terms were as fol-
lows: “TERT”, “telomerase reverse transcriptase”, “Sp15”,
“polymorphism”, ““SNP”’, “variant’’, “cancer”, “tumor”
“carcinoma” and ‘“malignancy”’. The search was limited
to English language papers and human studies. In addition,
references of articles and reviews were also searched to find
other eligible studies. When an article reported results on dif-
ferent subpopulations, we treated each subpopulation as a
separate comparison.

399

2.2 | Inclusion and exclusion criteria

In this meta-analysis, the following inclusion criteria were
used for selecting the studies: (a) population- or hospital-
based case—control studies published in English as original
articles; (b) investigating TERT rs10069690 polymorphism
and cancer susceptibility; (c) studies provided the odds ratios
(OR) estimates and their 95% confidence intervals (CIs) in
allele model. The exclusion criteria were: (a) not involving
TERT and rs10069690 polymorphism research; (b) case re-
ports, reviews, repeated literature, nonhuman studies; (c) no
available data presented.

2.3 | Data extraction

Two investigators independently extracted the data from all
eligible publications, according to the inclusion and exclusion
criteria listed above. Discrepancies were resolved by discus-
sion and consensus. We extracted the following information
from each study when available: the first author's last name,
year of publication, cancer type, patient ethnicity, number of
cases and controls, genotyping method, the odds ratios (ORs)
estimates and their 95% confidence intervals (CIs) in allele
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model. Quality scores of studies ranged from 0 (lowest) to 15
(highest). Studies with scores <9 were categorized into low
quality, while those with scores >9 were considered as high
quality (Fu et al., 2017).

24 |

We used the ORs with 95% CIs to assess the strength of as-
sociation between the TERT rs10069690 polymorphism and
cancers risk. The OR and the 95% CI in each comparison
were assessed in the allele model. Stratified analyses were
performed by cancer type (if one cancer type contained less
than two individual studies, it was combined into the “other
cancers” group), ethnicity, sample size, and genotyping
method under the allele model. Heterogeneity was checked
using the Chi-square-based Q statistic test. If the result of
heterogeneity test was p > .05, then the pooled ORs were
calculated using the fixed-effects model with the Mantel-
Haenszel method. If heterogeneity was present (p < .05),
the random effects model (the DerSimonian and Laird
method) was selected. The literature publication bias was es-
timated using the Funnel plot and Egger's linear regression
test (p < .05 was considered a significant publication bias).
The false-positive report probability (FPRP) was calculated
to evaluate the significant findings. We set 0.2 as an FPRP
threshold and assigned a prior probability of 0.1 to detect an
odds ratio (OR) of 0.67/1.50 (protective/risk effects) for an
association with cancer risk under investigation. Only the

Statistical analysis
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significant result with an FPRP value less than 0.2 was con-
sidered a noteworthy finding (He et al., 2013). All statistical
analyses were conducted using the Stata software (version
11.0; Stata Corporation), using two-sided p values.

3 | RESULTS

3.1 |

The detailed process of study selection is summarized in the
flow diagram (Figure 1). According to the inclusion crite-
ria, a total of 45 eligible studies involving 329,035 cases
and 730,940 controls were included in this meta-analy-
sis. The characteristics of selected studies are summarized
in Tablel. The 45 studies included nine on breast cancer
(Garcia-Closas et al., 2013; Haiman et al., 2011; Huo et al.,
2016; Michailidou et al., 2015, 2017; Palmer et al., 2013;
Purrington et al., 2014) and, six on ovarian cancer (Bojesen
et al., 2013; Earp et al., 2016; Kuchenbaecker et al., 2015;
Lee et al., 2016; Phelan et al., 2017; Terry et al., 2012); five
on lung cancer (Gao et al., 2014; Landi et al., 2009; Wang
etal., 2016; Ye et al., 2017; Zhao et al., 2013). two each on
glioma (Melin et al., 2017; Zhao et al., 2012), thyroid cancer
(Gong et al., 2016; Gudmundsson et al., 2017), pancreatic
cancer (Campa, Rizzato, et al., 2015; Petersen et al., 2010),
prostate cancer (Panagiotou et al., 2015; Schumacher et
al., 2011), colorectal cancer (Li et al., 2017; Pellatt, Wolff,
Herrick, Lundgreen, & Slattery, 2013), RCC (Martino et

Characteristics of studies

203 Articles and related references indentified

93 Excluded
20 Not about cancer research
55 Not arelated polymophism
18 Atticles with inappropriate dates

110 Abstracts considered for further evaluation

51 Excluded
15 Not about cancer research
12 Not about TERT gene
11 Not a case-control study
13 Not a related polymophism

69 Full-text articles considered for further evaluation

24 Excluded
5 Meta-analysis
9 Incomplete data
4 Review articles
6 Not case-control study

FIGURE 1
exclusion procedures

Study inclusion and

45 Articles selected for meta-analysis




HE ET AL.

ine
Open Access,

Molecular Genetics & Genomic Medici

MWI LEY—

(senunuo)))

I

I
el
cl

I
i4!

01

cl
el

Cl
4!
ol

€l
cl
01l

91008

(L60-SL'0) 98°0
(1L'1-96'0) 8T'1
(€T 1-€8°0) TO'1
(01'1-96'0) €01
6I'1-CcI'DST'1
(S0'T-L8'0) $6'0
(ELT-180) 1T'T
(91'1-€9'0) $8°0
FT1-€8°0) 10°T
(L60-6L°0) 88°0
(60" T-+01) 901
(88'T—+0'1) O
(TL1-01'D) 8¢'1
6I'T-L0D €11
(I1T-S1'D9S'1
(€8'1-86°0) #€'1
(I7'1-960) 911

(SS'1-€6'0) 0T'1
(TT1-90D) #1'1
9TT-€0D ¥1°T
(08'1-76°0) 0¢'1
6I'T-01'D #1'1
(IT'1-50°D) 801
(€9'1-0T°D Ot
(I8'1-L0°D 6€1
OLT+I'D I¥'1
BI'T-€€ D OL'T
(96'0-65°0) SL'0
(80" T—+0'1) 901
(6T 1-21'D 0T'1
99'1-cT D Tl

(IO %S6) 4O

0¢6
01¢
I8¢
0S€'8
YESHT
901y
£68
£68
£68
96L°C
9,609
00€
(494
€ILL
00¢
10€
9¢0°1

0cy
0r9°s
150t
00€
LT9'6
20589
708
65y
€09
Sov
98
Y61° Sy
0SS°L8T
8IT°T

[oxuo)

(488!
60¢
879
€88°C
1€9°€T
1061
LL

6¢1
423
L9TT
€579
00€
(494
LS99
0¢
8¢CC
668

eve
€LS°E
vIv'T
LVC
S¥8°0€
¥T6'91
I6S1
£6¢
1499
98¢
ELY
T8T19
100°¢
vTo'1

ase)

ordnny
gH
gH
ordnmy
ordnmy
ardnmy
dd
dd
dd
dd
sdnny
gH
gH
qad
gH
gH
dd

dd
srdnmy
dd
ad
ordnmy
ordnmy
ardnmy
dd
dd
gH
gH
sdnmpy
odnmy
gH

[0.I3U0D JO DINO0S

eurwmy[y
ABIIVSSBIA
ASojouypard Sy
ey
euTwn{[y
euTwn{[y
uejybe],
uejnbe],
uejnbe],
ueybe],
ueybey,
uejnbeg,
dTdd-40d
euTwny[|
CARVAN AN
KeIIySSBIA
CARAVAN AN

sisazoydonoafo
[98 9soredy

XINQWAJFY
LI
KeITysse|N
euTwn{[y
euTwny[y
euIwn{[|
Ke1rysSe]
KRITySSBIN
KBIIYSSBIA
KBIIYSSBIA
eurwny[y
ey

Ke1ryssejn

POYPRA

ueOLY
ueIsy
ueadoinyg
Srdnmn
ueadoinyg
ueadoing
ueadoinyg
ueadoinyg
ueadoing
ueadoinyg
ueadoinyg
ueIsy
uersy
ueOLyY
ueIsy
ueIsy

uesy

ueadoinyg
ueadoinyg
sdnny
uelsy
ueadoinyg
ueadoing
ueadoinyg
ueIsy
ueIsy
ueIsy
ueIsy
ueadoinyg
ueodorng

ueIsy

Kooy

JI00UBD Jsealg
I9oued 3un|
BUWIOUB[IIA
BIWYNY T

I90UBD J1BIS0I]
JI90UBD JNBAIdUR]
TIO/TIS
10491d

THN

eworaAw ardnnA
JI90uBD I1seaIg
SLSID

I90Ued PIoIAY],
JI90URD ISeaIg
J190URD JLIISED)

I00ued Jung

OdN

20d
190URD UBLIBAQ

JOOUED UBLIBAQ
JI90URD [£103I0[0))
JI90UED UBLIBAQ)
JI9OUED UBLIBAQ)
BUWIOID

00d

Iooued 3un|
190ued [eodeydosyq
ODH

JI90ueD 1seaIg
JI90UED PIOIAY],
vVOD

ad£y oue)

SISATeue-ejow SIy) Ul S 10oued pue wsiydiowAjod 0696900151 Y} U99M19q UOTBIOOSSE 9} JO SONSLIORIRYD Apn)g

(€107) Te ¥ Suo]

(#102) e 10 0BD

(¥107) T8 19 BSOUIPIRD-LOIO T
(#107) 'Te 10 Apaadg

(ST0?) "Te 10 nojorseueq
(ST107) T8 10 ‘orezzry ‘edure)
(S107) "Te 10 BULIPRYS

(S107) ‘e 30 BULIPRYS

(S107) "Te 10 BULIPRYS

(S102) '8 10 ‘ojezzry ‘edwe)
(S102) ‘T 19 NOPITEYOIN
(S102) Te 30 Sueyz

(9107) 'Te 32 Suon

(9102) 'Te 32 onH

(9107) ‘T8 12 uenQg

(9107) Te 10 Suepm

(9107) Te 1o Sueyyz

(9107) Te 10 OUnIBA
(9107) v 10 dreg

(9102) T2 19 997

(L102) Te¥e 1T

(ST0T) ‘Te 19 1oxoaRquUayoNy
(L107) T8 12 ueldyq

(L102) "Te 0 U

(L107) e W@ ‘nyZ ‘npm
(L102) ‘e 19 9K

(L107) e W ‘uek ‘D
(L107) Te 30 Sueyyz

(L102) ‘T¢ 19 NOPIIEYOIA
(L10) T8 10 uosspunwpno
(6107) Te 12 Sueyz

(£) £pms

I HTdV.L



Sof15

—WILEY

Molecular Genetics & Genomic Medicine

HE ET AL.

Open Access,

‘sI0WN) [[99 WSS Ie[Nonsa) ‘S1HN ], ‘erwayna] onkodoydwA| sruoryo/ewoydwA] onkooydwA| [rews 11D

/TS ‘ewourdored [[99 reuar OOy ‘wsiydiowAjod yySus[ JuswiSely uonoLIsaI-uonoeal ureyd aserowkjod ‘g TIY-YDd ‘poseq uonendod ‘g ‘oner sppo YO ‘ewourdored [eagukreydoseu ‘HN sewoydwA] s,un{SpoH-uou “THN
‘ewourdred re[njadoleday ‘QDH paseq [endsoy ‘gH sIown) [eWons [BUNSUIONSES ‘S SO ‘BWOUIIIRIOUIPR BIPILD JLNseS ‘DO ewoydwA] [[99-g 281 asnyjip “IDF T {[BAIRIUI 9OUIPIIUOD %G6 ([D %S6 :SUONRIAAIQQY

€l
0l
Cl
0l
I
Cl
14!

cl
ol
I
0l
Cl
6

€l
4!

0l
el
4!
I
4!

Cl

91038

(01'1-66'0) TO'1
(9T'1-26'0) 801
(96'0—+8'0) 060
(00'1-€8°0) 16°0
(68°0-€L°0) 08°0
(81'T-¥8°0) 66°0
(ST1-€rnert

(¥8°0-89°0) 9L°0
OS'T-v0'D LT'T
(€TT-00D) IT'T
(28°0-€50) 99°0
(ST'1-L6'0) 90'T
(T€T1-86°0) ¥1'T
(OTT-TT' D ST'T
(LY T1-0TT) €€°T

(e 150D 61°1
(01'1-86°0) #0'I
(80'T-+0'T) 90'T
eI D HTT
(OTT-TT' D ST'T

(LT'T-¥6'0) SO'1
(1D %S6) 4O

818°C
¢891
0zI's
v€6°C
8SY'y
¥20°'l
S96°LI

€VLT
€L9
9T
6SST
S16°C
8L
16V°€C
161°€T

(439
¥29°9
66STY
80LY
Y61°SE

8¥61

[onu0)

6€L°S
L9

Tese
168°¢
T8LT
£86

LOOS

200°1
0LS
TIIT
0¥6
60€C
8L
1LE'S
986

911°1
6979
1SY°91
LLY'E
€61

661°T

se)

ordnmy

ad
odnmny
ardnmy
ordnmny

gH
ordnmny

ordnniy
qH
sdnn
ardnmy
qad
ad
ordnmy
odnmny

ordn
srdnmy
sidnpy
adnmy
RICLILIA

ordnmn

[03U0I JO 3IN0S

LTI
uenbe],
uig
euTwN[(Y
BUTWN][]
Ke1ryssej

eurwn[y

euIwny[y
uejnbe]
uenbe],
uezbe],
euTWIN([]
INLUBOSINS
euTWIN([|

eurwn[y

eurwn[y
|
euwn|[
U

eurwn[y

Ke1rySSeIN

POUA

ueadoing
ueISEONE))
ueadoing
ueadoing
ordnmu
ueIsy
ueadoinyg

UBOLIOUWY
-uROL Y

ueIsy
sdumpy
ueadoing
RICLILIA
ueISY
ueadoing
ueadoing

uedLIUY
-UBOLIJY

ueIsy
ueadoinyg
ardnmy
ueadomnyg
UBOLIOWY

-UBOLIJY

Kooy

Iaoued Sun|

J3due)d [eLnowopuy

100UBD I9ppelg
JI00UBD OIBOIOUR]
J100UBD 9)8IS0I]
BworH

J9dued Jsearq

190URD JSBaIg
BT NI]

I90UBd UBLIBAQ
SLOOL

JI90URD [8103I0[0))
Iooued Jun|
JIOOUED UBLIBAQ)

Jadued UBLIBA()

J9dued isealq
J9dued Jsealq
Jaoued isealq
Jadued isealq

Jadued isealq

J9dued Jsearq

adf) 10ue)

(6007) ‘Te 10 1pue]
(0102) 'Te 30 nodsaig
(0102) T2 19 ueWwyIOy
(010T) 'Te 10 UasIdNd
(1T07) 'Te 19 IayorwWNydS
(1102) 'Te 30 orYZ
(1102) "Te 10 uewrey

(1102) "I® 10 uewIey
(€107) Te 30 Sudys
(2T1027) T8 30 A1md],
(€100) T8 19 Toyorwnydsg
(€107) "Tv 2 ne[2d
(€107) 'Te 10 oeyy,
(€£107) 'Te 10 uasalog
(€£107) 'Te 10 uasalog

(€£107) 'Te 10 uasalog
(£107) ‘Te 30 uasafog
(€£107) ‘Te 10 uasafog
(€10T) 'Te 10 uoy3uLLng
(£107) T8 10 seso[D)-eroIRn)

(€£102) Te 1o Jowleq
(£) £pmg

(ponunuo)) | AI4V.L



HE ET AL.

6 of 15 : : .
Molecular Genetics & Genomic Medicine
WILEY—

al., 2016; Wu, Yan, et al., 2017), and leukemia (Sheng et
al., 2013; Speedy et al., 2014); and one each on endome-
trial cancer (Prescott, McGrath, Lee, Buring, & De Vivo,
2010), bladder cancer (Rothman et al., 2010), testicular
germ cell tumor (TGCTs) (Schumacher et al., 2013), mela-
noma (Llorca-Cardenosa et al., 2014), multiple myeloma
(Campa, Martino, et al.,, 2015), gastrointestinal stromal
tumors (GISTs) (Zhang et al., 2015), non-Hodgkin's lym-
phoma (NHL), diffuse Large B-cell lymphoma (DLBCL),
small lymphocytic lymphoma/chronic lymphocytic leuke-
mia (SLL/CLL) (Shadrina et al., 2015), nasopharyngeal car-
cinoma (NPC) (Zhang et al., 2016), gastric cancer (Duan
et al., 2016), esophageal cancer (Wu, Yan, et al., 2017),
gastric cardia adenocarcinoma (GCA) (Zhang et al., 2019),
hepatocellular carcinoma (HCC) (Zhang et al., 2017). One
study focused on Caucasians (Prescott et al., 2010); two
studies focused on Africans (Huo et al., 2016; Long et al.,
2013); three studies on African-Americans (Bojesen et al.,
2013; Haiman et al., 2011; Palmer et al., 2013), 16 studies
on Asians (Bojesen et al., 2013; Duan et al., 2016; Gao et
al., 2014; Gong et al., 2016; Li et al., 2017; Sheng et al.,
2013; Wang et al., 2016; Wu, Yan, et al., 2017; Wu, Zhu,
et al., 2017; Zhang et al., 2017; Ye et al., 2017; Zhang et
al., 2019; Zhang et al., 2015; Zhang et al., 2016; Zhao et
al., 2012; Zhao et al., 2013); twenty studies on European
(Campa, Martino, et al., 2015; Campa, Rizzato, et al., 2015;
Earp et al., 2016; Garcia-Closas et al., 2013; Gudmundsson
et al., 2017; Haiman et al., 2011; Kuchenbaecker et al.,
2015; Landi et al., 2011; Llorca-Cardenosa et al., 2014,
Martino et al., 2016; Melin et al., 2017; Michailidou et al.,
2015, 2017; Mosrati et al., 2015; Panagiotou et al., 2015;
Petersen et al., 2010; Prescott et al., 2010; Rothman et al.,
2010; Schumacher et al., 2013; Shadrina et al., 2015), and
six studies on multiple populations (Lee et al., 2016; Pellatt
et al., 2013; Purrington et al., 2014; Schumacher et al., 2011;
Speedy et al., 2014; Terry et al., 2012). The studies used
genotyping methods such as [llumina, TagMan, MassArray,
Agarose gel electrophoresis, KASP technology, and poly-
merase chain reaction-restriction fragment length polymor-
phism (PCR-RFLP).

3.2 | Association between rs10069690
polymorphism and cancer risk

Based on the data from all 45 studies, we found a signifi-
cant increased cancer risk for the TERT rs10069690 under
a per-allele risk analysis (OR = 1.09, 95% CI: 1.06-1.12,
p < .001), with a statistical power of 100%. The results
from a random effect model showed significant heteroge-
neity (p-heterogeneity < .001, I = 86.3%) (Figure 2 and
Table 2).

Stratification analysis identified increased cancer risk
in subgroups of ethnicity in European (OR = 1.08, 95%

CI: 1.04-1.11, p-heterogeneity < .001, I* = 88.3%), Asian
(OR = 1.24, 95% CI: 1.13-1.37, p-heterogeneity = <.001,
I* = 88.3%), multiple (OR = 1.06, 95% CI: 0.94-1.18, p-
heterogeneity = .351, P = 89.8%), African (OR = 0.99,
95% CI: 0.76-1.30, p-heterogeneity = .955, I* = 93.2%),
African-American (OR = 0.98, 95% CI: 0.75-1.28, p-het-
erogeneity = .889, P = 93.9%) and (OR = 1.08, 95% CI:
0.92-1.26, p-heterogeneity = .337, P = 0.0%) (Table 2).
Subgroup analysis based on cancer type indicated that the
TERT 1510069690 polymorphism was associated with an
increased risk of breast cancer (OR = 1.07, 95% CI: 1.03—
1.11, p-heterogeneity < .001, I* = 89.5%), ovarian cancer
(OR = 1.14, 95% CI: 1.10-1.19, p-heterogeneity = .002,
= 70.8%), lung cancer (OR = 1.19, 95% CI: 1.03-1.36, p-
heterogeneity = .019, P= 66%), thyroid cancer (OR = 1.23,
95% CI: 1.11-1.38, p-heterogeneity = .243, P = 26.8%),
and RCC (OR = 1.29, 95% CI: 1.07-1.55, p-heterogene-
ity < .001, P = 0.0%). No significant increase in risk was
found in prostate cancer, leukemia, colorectal cancer, glioma
and other cancers. However, a significantly decreased asso-
ciation was observed in pancreatic cancer (OR = 0.93, 95%
CI: 0.87-0.99, p-heterogeneity = .524, P= 0.0%), as shown
in Table 2.

Subgroup analysis based on cancer classification indi-
cated that the TERT rs10069690 polymorphism was as-
sociated with an increased risk of gynecological cancer
(OR = 1.11, 95% CI: 1.09-1.14, p-heterogeneity < .001,
P = 82.0%), gastrointestinal cancer (OR = 1.21, 95% CI:
1.05-1.41, p-heterogeneity = .035, I* = 87.2%) and head
and neck cancer (OR = 1.21, 95% CI: 1.14-1.29, p-het-
erogeneity < .001, I’ = 0.0%). No significant increase in
risk was found in hematological tumor, urinary tumor and
other cancer (Table 2).A stratified analysis by source of
controls indicated a significantly increased cancer risk in
population based, hospital based, and multiple with ORs
of 1.11 (95% CI: 1.04-1.18), 1.24 (95% CI: 1.08-1.43),
and 1.06 (95% CI: 1.03-1.09), respectively. Moreover, a
stratified analysis performed on the sample size revealed
that the significant increased risk of cancer was also ob-
served in large and small groups with ORs of 1.07 (95%
CI: 1.04-1.10), 1.21 (95% CI: 1.11-1.33), respectively,
as shown in Table 2. The stratified analysis based on
Method of genotype indicated that the TERT rs10069690
polymorphism was associated with an increased risk of
cancer in the Illumina (OR = 1.07, 95% CI: 1.04-1.11, p-
heterogeneity < .001, I* = 90.9%) and MassArray groups
(OR = 1.24, 95% CI: 1.10-1.40, p-heterogeneity < .001,
I’ =75.2%) (Table 2).

33 |

The FPRP values for significant findings at different
prior probability levels are shown in Table 2. For a prior

FPRP and statistical power
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Study %
D or (95% Cl) Weight
Zhang et al. (2019) ! —_— 1.42 (1.22, 1.66) 1.60
Gudmundsson et al. (2017) | —— 1.20 (1.12,1.29) 268
Michailidou et al. (2017) + 1.06 (1.04, 1.08) 3.22
Zhang et al. (2017) -4~ 1 0.75 (0.59, 0.96) 0.91
Wu, Yan, et al. (2017) 1 <+ 1.70 (1.33, 2.18) 0.89
Ye etal (2017) | — 1.41 (1.14,1.76) 1.06
Wu, Zhu, et al. (2017) 1 - 1.39 (1.07, 1.81) 0.31
Melin et al. (2017) ! —— 1.40 (1.20, 1.63) 1.61
Phelan et al. (2017) - 1.08 (1.05, 1.11) 3.16
Lietal (2017) T > g 1.30 (0.94, 1.80) 0.58
Lee et al. (2016) ——— 1.14 (1.03, 1.26) 226
Earp et al. (2016) +——— 1.14 (1.06, 1.22) 268
Martino et al. (2016) — 1.20 (0.93, 1.55) 0.84
Zhang et al. (2016) E 116 (0.96,1.41)  1.25
Wang et al. (2016) T + 1.34 (0.98, 1.83) 0.62
Duan et al. (2016) N 1.56 (1.15,2.11) 0.65
Huo et al. (2016) — 1.13 (1.07,1.19) 291
Gong et al. (2016) 1 —4 1.38(1.10, 1.72) 1.02
Kuchenbaecker et al. (2015) o 1.14 (1.10, 1.19) 3.06
Zhang et al. (2015) - -o- 1.40 (1.04,1.88) 067
Michailidou et al. (2015) - 1.06 (1.04, 1.09) 3.19
Campa et al. (2015) —_—— 1 0.88 (0.79, 0.97) 223
Shadrina et al. (2015) —_—— 1.01 (0.83, 1.24) 1.18
Shadrina et al. (2015) <+ - 0.85 (0.63, 1.16) 0.64
Shadrina et al. (2015) — 1.21 (0.84, 1.73) 0.49
Campa et al. (2015) -==r : 0.95 (0.87, 1.05) 235
Panagiotou et al. (2015) | - 1.15(1.12,1.19) 3.14
Speedy et al. (2014) —T 1.03 (0.96, 1.10) 27
Llorca-Cardenosa et al. (2014) —_— 1.02 (0.83, 1.23) 1.21
Gao et al. (2014) + .\ 2 1.28 (0.96, 1.71) 0.70
Long et al. (2013) —_—] ! 0.86 (0.75, 0.97) 1.89
Palmer et al. (2013) —1— 1.05 (0.94, 1.17) 214
Garcia-Closas et al. (2013) l - 1.15(1.11,1.20) 3.06
Purrington et al. (2013) —— 1.24 (1.14,1.34) 254
Bojesen et al. (2013) + 1.06 (1.04, 1.08) 3.22
Bojesen et al. (2013) - 1.04 (0.98, 1.10) 285
Bojesen et al. (2013) —— 1.19 (1.05, 1.35) 193
Bojesen et al. (2013) : —_— 1.33 (1.20, 1.47) 225
Bojesen et al. (2013) |- 1.15 (1.11,1.20) 3.06
Zhao et al. (2013) +—T— 1.14 (0.98, 1.32) 165
Pellatt et al. (2013) -+ 1.06 (0.97, 1.15) 2.48
Schumacher et al. (2013) —_— I 0.66 (0.53, 0.82) 1.06
Sheng et al. (2013) —_——— 1.27 (1.04, 1.56) 1.16
Terry et al. (2012) p——— 1.11 (1.00, 1.23) 222
Haiman et al. (2011) —_— ; 0.76 (0.68, 0.84) 219
Haiman et al. (2011) | = 1.19(1.13,1.25) 294
Zhao et al. (2011) — 0.99 (0.84, 1.18) 1.44
Schumacher et al. (2011) —— 1 0.80 (0.73, 0.89) 228
Petersen et al. (2010) —_— ! 0.91 (0.83, 1.00) 237
Rothman et al. (2010) — ' 0.90 (0.84, 0.96) 273
Prescott et al. (2010) —_— 1.08 (0.92, 1.26) 1.57
Landi et al. (2009) — 1.02 (0.95, 1.10) 264
Overall (l-squared = 86.3%, p = 0.000) () 1.09 (1.06, 1.12) 100.00

Mmm&tmui_mnﬂgm_eﬁmﬂmlvsis 1 |

459 1 2.18

FIGURE 2 Forest plot of the ORs for the overall cancer risk associated with the TERT variant rs10069690 polymorphism

probability of 0.1, assuming that the statistical power
was 1.00, the FPRP values were 4.44E-09 for an associa-
tion of rs10069690 allele with an increased risk of cancer.
Positive associations with the rs10069690 observed in the

subgroups of ethnicity (European and Asian), cancer type
(breast cancer, ovarian cancer, lung cancer, thyroid cancer,
RCC, and pancreatic cancer), cancer classification (gyneco-
logical cancer, gastrointestinal cancer, and head and neck
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cancer), source of control (PB and HB), sample size (large
and small), and genotype method (Illumina and MassArray)
were significant (Table 2).

3.4 | Sensitivity analyses and
publication bias

Sensitivity analyses were performed to conclude whether
modification of the inclusion criteria of the meta-analysis
affected the final results. The results showed that the signifi-
cance of the OR was not affected by any single study (Figure
3). We used Begg's funnel plot and Egger's test to assess
publication bias of the literatures. As shown in Figure 4, the
shapes of the funnel plots seemed symmetrical and did not
indicate any evidence of publication bias (p = .653). Egger's
test results also did not show any evidence of publication bias
(p = .592), indicating our results to be statistically robust.

4 | DISCUSSION

A single nucleotide polymorphism (SNP) rs10069690 located
in intron 4 of TERT, has been hypothesized to be associated
with the risk of cancers development by many researchers,
however, the results are conflicting and heterogeneous. Here,
we performed a meta-analysis included 45 case—control stud-
ies, including 329,035 cancer cases and 730,940 controls to
explore the association between the TERT rs10069690 poly-
morphism and cancer risk. The result demonstrated that the
TERT rs10069690 polymorphism was found to be associated
with a significantly increased cancer risk overall. The asso-
ciation mainly existed in the European and Asian population,
especially for breast cancer, ovarian cancer, lung cancer,
thyroid cancer and RCC; but a significantly decreased asso-
ciation was observed in pancreatic cancer. In the subgroup
analyses by cancer type, no significant association was found

Meta-analysis estimates, given named study is omitted
| Upper CI Limit

| Lower CI| Limit

Zhangetal.(2019)
Gudmundssonetal.(2017)
Michailidouetal.(2017)
Zhangetal.(2017)
Wu,Yan,etal.(2017)
Yeetal.(2017)
Wu,Zhu,etal.(2017)
Melinetal.(2017)
Phelanetal.(2017)
Lietal.(2017)
Leeetal.(2016)
Earpetal.(2016)
Martinoetal.(2016)
Zhangetal.(2016)
Wangetal.(2016)
Duanetal.(2016)
Huoetal.(2016)
Gongetal.(2016)
Kuchenbaeckeretal.(2015)
Zhangetal.(2015)
Michailidouetal.(2015)
Campaetal.(2015)
Shadrinaetal.(2015)
Shadrinaetal.(2015)
Shadrinaetal.(2015)
Campaetal.(2015)
Panagiotouetal.(2015)
Speedyetal.(2014)
Llorca-Cardenosaetal.(2014)
Gaoetal.(2014)
Longetal.(2013)
Palmeretal.(2013)
Garcia-Closasetal.(2013)
Purringtonetal.(2013)
Bojesenetal.(2013)
Bojesenetal.(2013)
Bojesenetal.(2013)
Bojesenetal.(2013)
Bojesenetal.(2013)
Zhaoetal.(2013)
Pellattetal.(2013)
Schumacheretal.(2013)
Shengetal.(2013)
Terryetal.(2012)
Haimanetal.(2011)
Haimanetal.(2011)
Zhaoetal.(2011)
Schumacheretal.(2011)
Petersenetal.(2010)
Rothmanetal.(2010)
Prescottetal.(2010)
Landietal.(2009)

0.040.05

FIGURE 3

estimates were used

O Estimate

0.11 0.12

Sensitivity analyses of the overall ORs. The results were calculated by omitting each eligible study. Meta-analysis random effects
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FIGURE 4 Begg's funnel plot for
publication bias

in prostate cancer, leukemia, colorectal cancer and glioma.
The significant association between rs10069690 and cancer
risk was also found in the stratification by cancer classifica-
tion, source of controls, sample size, and genotype method.

TERT is mapped to chromosome 5p15.33 and consists of
16 exons and 15 introns spanning about 35 kb (Wick, Zubov,
& Hagen, 1999). It encodes the catalytic protein subunit of
telomerase and adds nucleotide repeats to chromosome ends
in cooperation with a telomere RNA component (Cheung &
Deng, 2008). A high level of TERT expression is involved
in many tumors and it possibly contributes to unlimited cell
division and carcinogenesis. The expression of the functional
TERT protein is a prerequisite for acquisition of telomerase
activity (Artandi & DePinho, 2000). Activation of telomer-
ase has been implicated in human cell immortalization and
cancer cell pathogenesis and telomerase expression is a key
factor in cancer cell biology, enabling malignant cells to pro-
liferate indefinitely (Greider, 1998). The biology of TERT
makes it a compelling candidate gene for factors that in-
fluence cancer risk and TERT has been recognized as one
of the most common tumor markers. A growing number of
epidemiological studies have provided evidence that TERT
polymorphisms contribute to cancer development (Jin et al.,
2013; Li et al., 2012; Rafnar et al., 2009).

It has been reported that rs10069690 was associated
with an increased risk of breast cancer (Bojesen et al., 2013;
Haiman et al., 2011; Huo et al., 2016; Michailidou et al.,
2015, 2017), ovarian cancer (Bojesen et al., 2013; Earp et
al., 2016; Kuchenbaecker et al., 2015; Lee et al., 2016;
Phelan et al., 2017), thyroid cancer (Gudmundsson et al.,
2017), prostate cancer (Panagiotou et al., 2015), and glioma
(Kinnersley et al., 2015; Melin et al., 2017; Ostrom et al.,
2018; Rajaraman et al., 2012), through GWASSs, but other
studies have shown that the T allele was associated with a

Molecular Genetics & Genomic Medicineiwl LEY 11 of 15

Begg's funnel plot with pseudo 95% confidence limits

remarkably decreased risk of prostate cancer (Schumacher
et al., 2011; Thomas et al., 2008), bladder cancer (Rothman
et al., 2010), and testicular germ cell tumor (Schumacher et
al., 2013). Additionally, a recent study composed of 386 pa-
tients and 495 controls suggested that the rs10069690 T allele
was associated with increased risk of lung cancer (Ye et al.,
2017), while other studies did not find any significant asso-
ciation between rs10069690 and risk of lung cancer (Gao et
al., 2014; Landi et al., 2011; Wang et al., 2016). Other stud-
ies reported that the rs10069690 T allele was also not asso-
ciated with risk of nasopharyngeal carcinoma (Zhang et al.,
2016), melanoma (Llorca-Cardenosa et al., 2014), colorectal
cancer (Li et al., 2017), non-Hodgkin's lymphoma (Prescott
et al., 2010), and endometrial cancer (Burghaus et al., 2017;
Prescott et al., 2010). As above, the results remain controver-
sial and ambiguous.

The heterogeneity among studies in this meta-analysis
was significantly reduced in stratified analyses by the can-
cer type subgroups. These results suggested that the the role
of polymorphism is potentially influenced by the tumor or-
igins, and that stratified analysis is reasonable. Therefore,
we can infer that rs10069690 had cancer-specific con-
tributions and may play different roles in the etiology of
different tumor sites. More recently, a meta-analysis study
showed that rs10069690 polymorphism was associated with
an increased breast cancer risk (Li, Dong, Feng, Zhang, &
Cao, 2016). An agnostic subset-based meta-analysis (asso-
ciation analysis based on subsets) across six distinct can-
cers in 34,248 cases and 45,036 controls identified that
rs10069690 T allele was positively associated with glioma,
while being negatively associated with testicular, prostate,
bladder and pancreatic cancer (Wang et al., 2014). The as-
sociation between TERT rs10069690 polymorphism and
longer telomere length has been recently reported (Pellatt,
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Wolff, Lundgreen, Cawthon, & Slattery, 2012). However,
the exact biological function of rs10069690 has not been
clarified until now. TERT rs10069690 polymorphism may
contribute directly to disease predisposition by modifying
the function of TERT, or it is in linkage disequilibrium (LD)
with other disease-causing mutations.

There are some limitations that should be addressed in
interpreting the results of this meta-analysis. First, due to in-
sufficient genotype frequencies, we were unable to calculate
the pooled ORs in other genetic models except allele model.
Second, the origins of heterogeneity may include many fac-
tors, such as the ethnicity, cancer type, source of control,
genotyping method and sample size. Finally, gene—gene and
gene—environment interactions may have influenced our re-
sults, as cancer is mainly caused by genetic and environmen-
tal factors. In addition, the lack of detailed information, such
as age and sex of the subjects, in some studies limited a more
accurate OR would be corrected for age, sex and other factors
that are associated with cancer risk.

5 | CONCLUSIONS
The results of this meta-analysis have shown that the TERT
rs10069690 polymorphism is associated with an increased
cancer risk overall. These results suggested that the TERT
rs10069690 polymorphism may be a potential biomarker of
cancer susceptibility. Overall, these results would help in
understanding the role of this variant rs10069690 in cancer
development and can aid in identifying new molecular tar-
gets focusing on cancer. However, the effect on cancer risk
may be modified by ethnicity, cancer type, source of con-
trols, sample size and genotype method. Considering the
limitations of the present meta-analysis, future studies with
standardized unbiased methods, larger sample studies and
well-matched controls are required to validate the current
findings and functional studies are warranted to reveal the
role of the polymorphism rs10069690 in carcinogenesis.
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